Introduction. This study attempted to survey the oral findings of hemodialysis patients and analyze the prevalence and predictors for torus palatinus (TP) in this patient population. Methods. A total of 322 hemodialysis patients were recruited. Patients were organized into two groups, based on the presence (n=93) or absence (n=229) of TP. Demographic, laboratory, and dialysis-related data were obtained for analysis. Results. The prevalence of TP was 28.9% in this study. Patients with TP were younger in age [57.8±10.0 (37.4-86.9 
Introduction
Oral tori are usually found accidentally during dental examinations. Torus palatinus (TP) develops along the midpalatal suture, while torus mandibularis occurs on the lingual surface of the mandible. Although torus may start to form in early adult life, it may not become visible until the middle age of the adulthood. [1] Histologically speaking, oral tori are hyperplastic bones comprising cortical and trabecular bones.
Since oral tori are benign lesions, surgical removal usually will not be necessary, unless the lesions are large enough to interfere with speech, mastication, and dental prosthesis or lead to ulceration [2] .
The etiology of oral torus is complex and may involve environmental factors such as occlusal (biting) forces as well as genetic factors which modify the risk for developing torus. The fact that oral tori are always found in adulthood suggests not only a genetic but also environmental and 2 BioMed Research International functional origins. [3, 4] Hence, the etiology of torus could be multifactorial, including, for example, genetics, environment, age, sex, etc.
Torus formations could also be the outcome of biomechanical forces [5] which decrease cortical and increase trabecular bone masses. In a cross-sectional study, Padbury et al. [5] found that subjects with primary hyperparathyroidism were prone to oral tori and reductions in radicular lamina dura. In another study, Rai et al. [6] found that loss of lamina dura, ground-glass appearance, and reduction in mandibular cortical width were common in subjects with primary hyperparathyroidism, and these findings correlated with increased parathyroid hormone concentrations in blood. In addition, after reviewing the oral findings associated with primary, secondary, and tertiary hyperparathyroidism, Palla et al. [7] reported that bony pathologies mostly occurred in mandible (40.8%), followed by maxilla (29.4%). Pathologies occurring in both jaw bones were found in 29.8% of the cases reviewed.
Most clinical investigations on the etiology of oral tori have focused on genetic and environmental factors, and few have investigated factors related to bone and mineral metabolism. Based on a study conducted in 2012, Sismans et al. [8] reported a prevalence rate of TP (41.7%) in patients undergoing peritoneal dialysis (PD) which was higher than the prevalence reported in the TP population without dialysis (4.1%). [8, 9] They also found that patients with a TP size > 2 cm underwent longer PD treatment compared to patients with a TP size < 2 cm (P = 0.009). The authors went on to propose that the higher prevalence of TP in PD patients and the association between PD duration and TP size might be attributable to renal osteodystrophy. The prevalence rates of TP in hemodialysis (23.5%) and peritoneal dialysis patients (34.3%) have also been reported by Chao et al. [10] and Hsu et al. [2] , respectively. In both studies, the blood concentrations of the intact parathyroid hormone in patients did not differ significantly between those with and without oral tori (P = 0.611 and P = 0.126, respectively). Furthermore, no significant differences were seen between patients with oral tori and those without in inflammatory variables such as log high-sensitivity Creactive protein (P = 1.000 and P = 0.147, respectively) and nutritional variables such as albumin (P = 0.247 and P = 0.790, respectively). [2, 10] Hence, it appears that neither hyperparathyroidism nor inflammation-malnutrition syndrome contributes to the risk of developing torus in dialysis patients.
Therefore, the objective of this study was to examine the oral findings of a larger group of hemodialysis patients to determine the prevalence and predictors for TP in this patient population. . . Diagnosis of TP. Investigations of the oral cavity consist of inspection and palpation. The size of TP was determined based on the maximum elevation of the outgrowth and was classified as ≥ 2 cm or < 2 cm using a periodontal probe. [11] The shapes of TP were categorized as flat, spindle, nodular, or lobular [12] (Figure 1 ). The locations of TP were near incisors, premolars, or molars.
Materials and Methods
. . Molar Relationship and Oral Hygiene. The molar relationships were categorized as none, class I, II, or III, according to Angle classification. [13] The oral hygiene was recorded using the Turesky-Gilmore-Glickman plaque index (a modification of the Quigley-Hein plaque index). [14] . . Statistical Analysis. Student's t-test was used for parametric variables and Chi-Square or Fisher's exact test, for nonparametric variables. Univariate binary logistic regression analysis was performed to analyze the predictors for TP. To control for confounding factors, multivariate binary logistic regression analysis was performed to analyze the significant predictors after univariate analysis. A P value less than 0.05 was chosen as the significance threshold to reject the null hypothesis. All analyses were performed using IBM SPSS Statistics Version 20.0.
Results
. . Subject Characteristics. The prevalence rate of TP in this study was 28.9% (Table 1) . Patients with TP were younger in age than those without TP [57.8±10.0 (37.4-86.9) versus 62.4±12.3 (25.0-87.8) years old; P=0.001], and there were more female patients with TP than their male counterparts (60.2% versus 38.0%; P < 0.001). There were no significant differences in other baseline variables between the two groups (P > 0.05).
. . Laboratory Findings. Blood tests revealed that patients with TP had higher blood concentrations of phosphate (5.4 ± 1.1 versus 4.9 ± 1.1 mg/dL, P = 0.001) and lower blood concentrations of bicarbonate (20.9 ± 2.4 versus 22.0 ± 2.3 mmol/L, P < 0.001) than patients without TP (Table 1) . Although patients with TP had lower blood concentrations of the intact parathyroid hormone than patients without TP, the difference was not significant (314.1 ± 298.1 versus 330.4 ± 317.1 pg/mL, P = 0.671). Meanwhile, no significant differences in inflammatory variables such as high-sensitivity C-reactive protein (6.5 ± 10.2 versus 7.1 ± 11.4 mg/L; P = 0.676) and nutritional variables such as albumin (4.0 ± 0.3 versus 3.9 ± 0.3 g/dL; P = 0.108) were seen between patients with TP and those without.
. . Dialysis-Related Data. Table 1 also shows that there are no significant differences in dialysis-related data between the two groups, such as urea reduction ratio, Kt/V, time-averaged concentration of urea, and normalized protein catabolic rate (P > 0.05).
. . Clinical Findings of TPs.
Oral examinations revealed that all TPs (100.0%) were symmetrical and located along the midpalatal suture ( Table 2 ). The majority of TPs were near premolars (78.5%). Most were flat-shaped (55.9%) or spindleshaped (22.6%). Approximately half of the TPs were 2cm or larger (49.5%), and the remaining half (50.5%), smaller than 2cm.
. . Molar Relationship and Plaque Index.
The molar relationship could not be identified in approximately half of the cases (55.0%) due to the loss of first molars (Table 3) . For the rest, there was no significant difference in molar relationships between the two groups studied (P = 0.198). Table 3 also shows that most hemodialysis patients suffer poor oral hygiene, and three-fourths of the patients have plaque index scores of 3 or 4. However, there is no significant difference in the plaque index between the two groups (P = 0.336).
. . Predictors for TP.
The regression analysis results are presented in Table 4 . Multivariate regression modeling showed that younger age (OR 0.968; 95% CI 0.939-0.982; P < 0.001), female gender (OR 2.305; 95% CI 1.374-3.867; P = 0.002), higher blood concentration of phosphate (OR 1.411; 95% CI 1.110-1.794; P = 0.005), and lower blood concentration of bicarbonate (OR 0.868; 95% CI 0.791-0.994; P = 0.040) were significant predictors for TP.
Discussion
The literature on the prevalence of TP in hemodialysis patients has been limited. Not only did the current research study a larger patient population (n = 322), but it was also the first to report younger age, female gender, increased blood concentration of phosphate, and decreased blood concentration of bicarbonate as predictors for TP.
Uremia-related changes in facial bone structures have been reported in literature [15] [16] [17] . Bakathir et al. [15] described the progressive enlargement of facial bones of a 21-year-old female uremic patient whose facial enlargement involved the maxilla and caused facial and dental deformities. Lopes et al. [16] presented two female uremic patients with facial disfigurement affecting the maxilla and the CI: confidence interval; OR: odds ratio; TP: torus palatinus; * P < .05, * * P < .01, and * * * P < .001.
mandible. Raubenheimer et al. [17] also reported two female uremic cases with extensive jaw lesions due to secondary hyperparathyroidism. In the current study, higher blood concentrations of phosphate (P = 0.001) and lower blood concentrations of bicarbonate (P < 0.001) were found in patients with TP than those without, and both the blood concentrations of phosphate (P = 0.032) and bicarbonate (P = 0.019) were deemed significant predictors for TP after further analysis. Although patients with TP had lower blood concentrations of the intact parathyroid hormone than patients without TP, the difference was not significant (P = 0.671). As reported by previous investigations [18, 19] , hyperphosphatemia, elevated blood concentration of fibroblast growth factor 23, reduction in active vitamin D synthesis, and tendency toward hypocalcemia are all potent stimuli for secondary hyperparathyroidism. Metabolic acidosis is another strong stimulus for secondary hyperparathyroidism, [20] and the blood concentration of the intact parathyroid hormone has been shown to be higher in hemodialysis patients with sodium bicarbonate supplementation than in those without supplementation therapy (P < .001). [21] Further studies will be required to delineate the complex interactions between the risk of developing TP and hyperparathyroidism in hemodialysis patients. According to Hsu et al., [2] TP develops in 4.1% to 60.5% of the general population. However, studies have reported different prevalence rates of TP in different ethnic groups.
For example, Chiang et al. [22] reported a prevalence rate of 21.1% by studying a group of 2050 patients in Taiwan. For the population groups such as hemodialysis patients, the prevalence of TP as found in the current study was 28.9%, while previous studies have reported prevalence rates for oral tori of 23.5% in hemodialysis patients, [10] and 41.6% [8] or 34.3% [2] in peritoneal dialysis patients.
In the current study, there were more females in the patient group with TP than in the group without TP (60.2% versus 38.0%, P < 0.001). Female gender was also found to be a significant predictor for TP (P = 0.001) after further analysis. According to Gorsky et al., [23] idiopathic TP is vertically transmitted as an autosomal dominant trait linked to X chromosome. Females were prone to developing TP, with the prevalence rates ranging from 5.7% to 70.5%, [8-12, 22, 24-33] although one research team reported a higher prevalence rate of TP in males than females. [34] Previous studies [2, 10] conducted by the same research team for the present study also found TP to be more common in females than males. However, no significant difference in the prevalence of torus was found between the two genders in a study of twins. [35] Patients with TP were younger in age than those without TP in this study (57.8 ± 10.0 versus 62.4 ± 12.3 years old; P = 0.001), and young age was found to be a significant predictor for TP (P < 0.001) after further analysis. Previously, researchers have reported that most tori develop between the third and fourth decade of life. [25, 26, 28, 36] Increased occurrence of oral tori has been found to correlate with age. [22] The average age of ESRD patients participating in the present study was 61.1 years, much older than participants in previous studies recruited from schools [12, 29, 32] , dental clinics [11, 22, 25, 30, 33, 36, 37] , or general populations [9, 34, 38] where ages distributed more evenly. Therefore, the finding in the current study that hemodialysis patients with TP were younger than those without TP might not have come as a total surprise.
Flat-shaped TP was the most common type in the current study (55.9%), whereas Reichart et al., [25] Sismans et al., [8] and Jainkittivong et al. [12] have reported that spindleshaped TP was more common. The finding in the current study mirrors those from earlier studies [2, 10] conducted by the same research team for the current study as well as other investigations [8, 12, 25, 34] where flat-shaped TP was found to be more common than the spindle-shaped type. Additionally, all tori palatinus in this study were symmetrical and located along the midpalatal suture. However, most tori palatinus have been found near premolars (78.5%). Hiremath et al. [32] and Hsu et al. [2] reported that TP was often located in the combined premolar-molar area. Gorsky et al. [11] further reported that the prevalence of TP in the combined premolar-molar area increased with age. Meanwhile, patients with TP ≥ 2 cm in this study underwent longer hemodialysis treatment than patients with TP < 2cm, although the difference was not statistically significant (116.2 ± 99.8, versus 91.2 ± 66.8 months; P = 0.159). This finding echoes the observation made by Sismans et al. [8] that patients with a TP > 2 cm underwent longer PD treatment than those with a TP < 2 cm (6.8 ± 3.6 versus 3.5 ± 2.6 years; P = 0.009).
In summary, the prevalence of TP in this study was 28.9%, and the majority of patients with TP were female (60.2%). This is the first report to show that younger age, female gender, elevated blood concentration of phosphate, and decreased blood concentration of bicarbonate are predictors for TP in hemodialysis patients. Further studies will be warranted to further validate these findings. The limitations of this study included small sample size and lack of torus mandibularis analysis.
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